Effect of molybdenum-rich carbides on wear behavior of the powder metallurgy (P/M) steel was studied. Wear-resisting property of the couple part was also studied. The friction pair materials have low wear ratio. M 2 C carbides and M 6 C carbides exit in the P/M steels. Crisp M 2 C carbides decrease wear-resisting property of the materials obviously. While fine grainy M 6 C carbides are beneficial to good wear-resisting property of the materials.
Introduction
Wear occurs in a wide variety of items and results in severe economic loss. On the other hand, the requests for more excellent property materials are ever increasing. 1, 2) Addition of strong carbide-forming element by powder metallurgy (P/M) process techniques is one way to obtain the materials with both high wear resistance and good mechanical properties. 3, 4) The P/M steels with high molybdenum element content (8.010.0 mass% Mo) are examined in this paper. These types of steels are used as spacing adjustment pieces in a new friction system with a high power engine. The couple part in this friction system is a cast iron (international standards). The aim of this paper is to evaluate the effect of the molybdenum-rich carbides on the wear behavior of the P/M steels. Special emphasis is given to the wear-resisting property of the friction pair materials.
Experimental Procedure
The studied materials in this paper consisted of two series of the P/M steels (8.010.0 mass% Mo, 1.31.4 mass% C and balance Fe) and the cast irons (international standard, 0.901.20 mass% Cr, 0.150.25 mass% Mo, 0.170.37 mass% Si, 0.500.80 mass% Mn). The mixed powders of the P/M steels were cold pressed, sintered, annealed and heat treatment. The cast irons were heat treatment. The properties of two series of materials were shown in Table 1 .
The wear tests were carried out on a standard ball-on-flat sliding wear test machine. The microstructures of the materials and the phase identification of the P/M steels were examined by scanning electron microscopy (SEM), X-ray diffraction (XRD) and energy dispersive spectroscopy (EDS) analysis respectively. Figure 1 is the XRD patterns of the P/M steels. There are two carbide types, i.e. M 2 C carbides and M 6 C carbides in the materials. With the extension of wear time, M 6 C carbides content remains unchanged while M 2 C carbides content drops markedly. Figure 2 shows the wear ratios of the friction pair materials with the different wear test time. The wear ratio rises slowly when wear time prolongs. The iron casts have a lower wear degree than the P/M steels. Figure 3 and Table 2 are the microstructure and EDS results of the P/M steels before wear test. Two carbide types, white needle carbides and white block carbides, are present in the material. High molybdenum contents of the white needle carbides (Fig. 3, Point A, B and C) are observed at 76.58, Fig. 1(a) ) and EDS results (Table 2) , the carbide types can be identified that the white needle carbides are M 2 C carbides and the white block carbides are M 6 C carbides. Figure 4 displays the microstructure of the cast iron before wear test. This material has very high density and a uniform, even microstructure. Figure 5 indicates SEM images of the worn surfaces in the P/M steels with the wear test of 60 and 120 min, respectively.
Results and Discussion
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The degree of pores in the worn surface is higher than that of the surface before wear test. The porosity of the surface before wear test is about 4.2%. When wear time prolonged to 60 and 120 min, the porosity increases to be 6.5 and 8.9% respectively. With the extension of wear time, M 6 C carbides are neither cracked nor broken up even in the exposed part, so this type of carbide is useful to the wear-resistance of the materials. While M 2 C carbides distribute along crystal There are clearly homogeneous and unidirectional grooves, parallel appearing in the surface. No phase makes major influence on the wear behavior of the cast irons. With the prolonging wear test time, the dimensions of the grooves present in the cast irons seem to be wider and deeper.
Conclusion
(1) The two friction pair materials in the friction system have low wear ratio. The iron casts have a lower wear degree than the P/M steels. (2) The white block carbides (M 6 C) are useful to the wearresistance property of the materials. The white needle carbides (M 2 C) decrease the wear-resistance property of the materials.
